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Description 

This invention relates to a reformer where fuel 
gas (raw material gas) is reformed to product gas 
and supplied to anodes (fuel electrodes) of cells in 
fuel cell systems, in particular, and relates to a 
plate type reformer where reforming reaction is 
conducted while the fuel gas is indirectly heated by 
burning gas which is supplied to cathodes (air 
electrodes) of the cells. 

A fuel cell system is an electricity generating 
system using reversed electro-chemical reaction of 
an electrolysis of water in electrolytes including 
carbonates, phosphorates, etc., with hydrogen gas 
being supplied to anodes (fuel electrodes) and 
burning gas (0 2t C0 2 ) to cathodes (air electrodes) 
in the cells. 

The hydrogen gas, which is supplied to the 
anode, is obtained by supplying fuel gas, such as 
methane, as raw material gas with the steam to the 
reformer, in accordance with reforming reaction 
which is given by the following chemical equation 
with catalysts: 

CH* + H 2 0 -* CO + 3H 2 
CO + H 2 0 - C0 2 + H 2 

To maintain the reforming temperature in the 
reformer, remaining hydrogen or carbon monoxide 
in the anode gas is supplied to the reformer and 
burned there to heat up indirectly the fuel gas to 
be reformed. 

In such a reformer, however, air and fuel flow 
into a combuster of the reformer to be burned 
together, so that volume of the combuster has to 
be large, and the reformer is often too large in size. 
The temperature of the burnt gas is as high as 
1300 degrees C until heat is transferred to the 
reforming gas and it is structurally impossible to 
decrease the temperature of the burnt gas in order 
to match the temperature of the heat receiving gas 
(between 550 and 750 degrees C). 

To solve these problems, plate type reformers 
which are compact in size, and in which uniform 
combustion all over the combustor is possible to 
achieve effective reforming, were recently pro- 
posed (see for example, Japanese Patent Applica- 
tion Laid Open No. 160136/1987). 

A primary object of this invention is to provide 
a plate type reformer which enables an effective 
heat exchange between the burning gas and a raw 
material gas to be reformed at a lower temperature 
as hereinbefore possible. 

A further object of this invention is to provide a 
plate type reformer which enables uniform fuel 
supply to the combustor as well as step-by-step 
combustion. 

This invention provides a plate type reformer 



comprising plural main units which include a com- 
bustor filled with a combustion catalyst and a re- 
forming reactor filled with a reforming catalyst, 
piled together with a heat conductive separator 
5 between the combustor and the reactor, and plural 
auxiliary units to supply fuel to the combustors of 
the respective main units. 

Further this invention provides a plate type 
reformer in which the combustor-side surfaces of 
70 the main units face each other, sandwiching an 
auxiliary unit therebetween, thus the main units and 
the auxiliary unit are piled together, and this pile 
has a passage to supply air for combustion to the 
above-mentioned combustor, a passage to exhaust 
15 burnt gas 'from the combustor, a passage to supply 
the raw material gas to be reformed into the re- 
forming reactor, a passage to draw off the reformed 
gas, and a passage to supply fuel to the above- 
mentioned distance plate. 
20 The invention will be further described with 

reference to the drawings in which 
Fig. 1 

is a perspective view showing a part of an 
embodiment of this invention prior to assem- 
25 bling thereof; 
Fig. 2 

is a cross sectional view of Fig. 1 as assembled; 
Fig. 3 and Fig. 4 

illustrate temperature distributions of combustion 
30 gas and reforming gas between the inlet and the 
outlet of the reforming reactor during heat ex- 
change, respectively; 
Fig. 5 

is a cross section view of another embodiment 
35 at its central part. 

As described in Fig. 1 and Fig. 2, a single 
segment of a plate type reformer of this invention 
mainly comprises two main units i, in which a 
reforming reaction and a combustion take place. 
40 and one auxiliary unit II, through which fuel for 
combustion is supplied to the main units I, with the 
auxiliary unit sandwiched by the main units I, and 
the main units I being symmetrical to each other. 
Holders 10 and 12 are located on the exposed 
45 sides of the main units I, respectively. 

The main unit I includes a reforming plate 14 in 
which a reforming reactor 16 is provided, a com- 
bustion plate 18 in which a combustor 20 is pro- 
vided, and a heat conductive separator or a heat 
so conductive partition wall 22 located between two 
plates 14 and 18. A central portion of the reforming 
plate 14 is hollowed out and the hollow or space 
16a is filled with a reforming catalyst 24 so as to 
form the reforming reactor 16. Similarly to the 
55 reforming plate, a central portion of the combustion 
plate 18 is hollowed out. and the hollow 20a de- 
fined within the combustion plate 18 is filled with a 
combustion catalyst 26 so as to form the combus- 
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tor 20. 

The auxiliary unit II comprises a distance plate 
30 which has a scooped space 28, and two disper- 
sion plates 34 which have a plurality of pores 32 to 
supply fuel from the scooped space 28 to the 
combustors 20 in the main units I, with the disper- 
sion plates being stacked onto the distance plate. 

In the pile of these main units I and the auxil- 
iary unit II, the combustion plates 18 of the main 
units I are located to contact with the upper and 
lower dispersion plates 34 of the auxiliary unit II. 
respectively. The upper holder 10 and the lower 
holder 12 for the sandwich of the upper main unit I, 
the auxiliary unit II, and the lower main unit I are 
fastened by bolts and nuts, or the like (not shown). 

The upper holder 10 has an inlet opening 36 
for raw material gas to be reformed (ChU + H 2 0), 
and an outlet opening 38 for the reformed gas (H 2 , 
C0 2 ). The inlet 36 communicates with the reform- 
ing reactor 16 in the reforming plate 14 located 
thereunder, and the raw material gas to be re- 
formed is supplied to the reforming reactor 16 in 
the lower main unit I through bores 40 formed 
within the partition plate 22, the combustion plate 
18, the dispersion plate 34, and the distance plate 
30. The gas so reformed flows through openings 
42 formed within the partition plate 22, the com- 
bustion plate 18, the dispersion plate 34. and the 
distance plate 30 so that it encounters the gas 
reformed in the reforming reactor 16 in the upper 
main unit I and proceeds to the outlet opening 38 
at the upper holder 10. 

The lower holder 12 has an air inlet 44, a fuel 
inlet 46. and a burnt gas outlet 48. Air through the 
air inlet 44 is supplied to the combustion chamber 
20 in the combustion plate 18 through openings 50 
provided in the reforming plate 14 and the separa- 
tor 22 of the lower main unit I, and then from that 
combustion chamber 20 the air is supplied to an- 
other combustion chamber 20 in the upper main 
unit I through openings 50 of the upper and lower 
dispersion plates 34 and the distance plate 30. 

Fuel through the fuel inlet 46 is supplied to the 
scooped space 28 of the distance plate 30 via 
openings 52 bored within the reforming plate 14, 
the partition plate 22, the combustion plate 18, and 
the dispersion plate 34 of the lower main unit I. 

Exhaust gas generated in the combustor 20 in 
the upper main unit I flows through holes 54 
formed in the dispersion plates 34 and the distance 
plate 30 and encounters the exhaust gas generated 
upon combustion in the combustion chamber 20 of 
the lower main unit I. After that, those exhaust 
gases are discharged from an exhaust opening 48 
through holes 54 provided in the lower partition 
plate 22 and in the lower reforming plate 14. 

In the above-mentioned system, air is supplied 
through the air inlet 44 while fuel is supplied 



through the fuel inlet 46 in the lower holder 12, and 
raw material gas to be reformed (ChU + H 2 0) is 
supplied through the gas inlet 36 in the upper 
holder 10. 

5 The air flows from the air inlet 44 through the 

holes 50 into the combustors 20 in the upper and 
lower main unit I. The fuel flows into the scooped 
space 28 in the distance plate 30 from the fuel inlet 
46 of the lower holder 12, through the fuel passage 
70 52 of the main unit I, and then the fuel flows out of 
the scooped space 28, proceeding through the 
pores 32 of the upper and lower dispersion plates 
34 into the upper and lower combustors 20 next to 
the dispersion plates 34. The fuel is burned with 
75 the combustion catalyst 26 in the combustors 20, 
and the resulting exhaust gas is discharged from 
the exhaust gas outlet 48 of the holder 12 through 
the holes 54. 

On the other hand, the raw material gas to be 
20 reformed and supplied from the inlet 36 of the 
upper holder 10 flows into the reforming reactor 16 
of the upper main unit I, and a part of the gas 
further flows into the reforming reactor 16 of the 
lower main unit I through the holes 40. This fuel 
25 gas is heated by the gas which has been burned in 
the combustor 20 and reaches the reaction cham- 
ber 16 through the separator 22. and is reformed to 
H 2 and C0 2 with the reforming catalyst 24 in the 
reforming chamber 16. The gas thus reformed is 
30 delivered outside the unit from the reformed gas 
outlet 38 of the upper holder 10 via the openings 
42. 

In the reforming process mentioned above, this 
system can be made compact because the reform- 

35 ing reactor 16 is located adjacent to the combustor 
20 with the separator 22 disposed between the 
reforming reactor 16 and the combustor 20 so that 
the reforming reactor 16 may be heated up by the 
burned gas generated in the combustor 20. 

40 Since the fuel flows through the scooped space 
28 of the distance plate 30 and the pores 32 of the 
dispersion plate 34. it spreads uniformly throughout 
the combustor 20, and the combustion of the fuel 
takes place gradually or step by step, lowering the 

45 combustion temperature compared with conven- 
tional systems. It is possible to adjust the combus- 
tion temperature required by the heat receiving 
gas, by controlling the size and the pitch of the 
pores 32 in the dispersion plate 34. 

50 Fig. 3 and Fig. 4 depict temperature distribu- 
tion curves of burnt gas and heat-receiving re- 
formed gas between the entrance and the exit of 
the reforming reactor and combustor, in which "X" 
indicates a temperature distribution curve of com- 

55 busted gas, and "Y" indicates the distribution curve 
of the gas reformed according to the present inven- 
tion while "Z n is the temperature distribution curve 
of the gas combustion in a conventional system. 
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Fig. 3 depicts distribution curves of the case where 
the heat exchange between combusted gas and 
heat receiving (reforming) gas is performed by 
parallel gas flow (co-flow), and Fig. 4 depicts the 
case of counter flow. As indicated by the curve Z, 
the temperature of the combusted gas in the con- 
ventional system is as high as 1300* C at the 
entrance while, according to the present invention, 
the burned gas temperature is 650 "C at the en- 
trance and 850* C at the exit as illustrated by the 
temperature distribution curve X. This means that a 
lower temperature can be used in the present 
invention. 

Fig. 5 shows another embodiment of the 
present invention. This embodiment, basically iden- 
tical with the example illustrated in Figs. 1 and 2, 
has two porous plates 60, each contacting to the 
combustor 20 side of dispersion plate 34 of the 
auxiliary unit II. In this example, the function of the 
porous plate 60 is to further disperse the fuel 
flowing into the combustor 20 from the pores 32 of 
the dispersion plate 34. In other words, if the size 
and the pitch of the pores 32 in the dispersion 
plate 34 are determined so as not to be affected by 
pressure fluctuation of the fuel, the pitch becomes 
too large and a uniform fuel dispersion is difficult to 
realize. In such a case, the porous plate 60 effec- 
tively serves to make the fuel much finer. 

The present invention is not restricted to the 
above-mentioned examples but, for instance, the 
positions of the passages for air, fuel. etc. and of 
each inlet/outlet opening for fuel, the reformed gas, 
etc., may be changed from the positions shown in 
the figures. The numbers of layers of the main unit 
may be more than two. and accordingly, the num- 
ber of auxiliary units will be increased. 

Claims 

1. A reformer including a reforming reactor (16) in 
which a raw material gas undergoes a reform- 
ing reaction in the presence of a catalyst and 
fuel gas is burned so that the reforming reac- 
tion temperature may be maintained at a prop- 
er level, and the burnt gas may indirectly heat 
the raw material gas in the reforming reactor 
(16); characterized in that said reformer com- 
prises: a plurality of main units (I), each main 
unit (I) including a combustor (20) filled with 
combustion catalyst (26) and a reforming reac- 
tor (16) filled with reforming catalyst (24) with a 
heat conductive partition wall (22) being sand- 
wiched between the combustor (20) and the 
reforming reactor, (16); an auxiliary unit (II), 
including a distance plate (30) which has a 
vacant fuel chamber (28); and two porous 
plates (34) sandwiching the distance plate (30), 
the porous plates (34) serving as fuel distribu- 



tion plates for uniformly supplying the fuel into 
each combustor (20) of each main unit (I), 
whereby the reforming reactors (16) of the 
main units (I) are equally heated, the combus- 
tors (20) of the main units (I) facing each other 
so as to sandwich the auxiliary unit (II) be- 
tween the main units (I); an air passage (44, 
50) for supplying air to said combustor (20); an 
exhaust passage (48, 54) for discharging the 
gas burned in said combustor (20); a fuel gas 
passage (36, 40) for supplying fuel gas for 
reforming to the reforming reactor (16); a gas 
discharge passage (42, 38) for discharging the 
gas which is reformed; and a fuel passage (46, 
52) for supplying the fuel to said fuel chamber 
(28), all the passages (36, 38, 40, 42, 44, 46, 
48, 50, 52, 54) being formed within the main 
and auxiliary units (I, II). 

2. The reformer of claim 1, characterized in that 
the main units (I) are located on both sides of 
the auxiliary unit (II) in a way that the combus- 
tor (20) of each main unit (I) faces the auxiliary 
unit (II), and two holders (10, 12) are provided 

» at the exposed sides of the main units (I), so 

that all the units (I. II, I) between the holders 
(10, 12) are piled together as a single unit. 

3. The reformer of claim 1 or 2, characterized in 
o that the main unit (I) includes a reforming plate 

(14) in which the reforming reactor (16) is 
formed, a combustion plate (18) in which the 
combustor or a combustion chamber (20) is 
formed, and a heat conductive partition plate 
ts (22) which is sandwiched between the reform- 

ing plate (14) and the combustion plate (18). 

4. The reformer of claim 3, characterized in that 
the reforming reactor (16) includes the reform- 

40 ing plate (14) which is hollowed out at the 

center thereof, the hollowed space (16a) being 
filled with the reforming catalyst (24). 

5. The reformer of claim 3 or 4, characterized in 
45 that the combustor (20) includes the combus- 
tion plate (18) whose central portion is hol- 
lowed out, the hollowed space (20a) being 
filled with the combustion catalyst (26). 

so 6. The reformer of any one of the foregoing 
claims, characterized in that the auxiliary unit 
(II) includes a distance plate (30) which has a 
scooped space (28) that serves as a fuel sup- 
ply chamber (28), and two dispersion plates 

55 (34, 34) disposed on both sides of the distance 
plate, a plurality of pores being formed in the 
dispersion plate (34) so that fuel is supplied 
therethrough from the fuel chamber (28) to the 



4 



7 



EP 0 308 976 B1 



8 



combustor of the adjacent main unit (I). 

The reformer of claim 6, characterized in that 
the main unit (I) is stacked in a manner such 
that the combustor (20) of the main unit (I) 5 
may be located adjacent to the dispersion 
plate (34). and that a holder (10, 12) is moun- 
ted on the reforming reactor (16) side of the 
main unit (I) so that all the units (I, II, I) may be 
piled as a sing a element. 70 

The reformer of claim 7, characterized in that 
the raw material gas inlet (36) and the re- 
formed gas outlet (38) are formed in one hold- 
er (10), and that supply and discharge pas- 75 
sages (40, 42) for raw material gas to be 
reformed and for the reformed gas are formed 
in the heat conductive partition wall (22), in the 
combustion plate (18). in the distance plate 
(30) and in the dispersion plate (34) of the 20 
auxiliary unit (II). 

The reformer of claim 7, characterized in that 
the inlet openings (44, 46) for combustion air 
and fuel gas, and the outlet opening (48) for 25 
the combusted gas are formed in the other 
holder (12), that a supply passage (50) for 
combustion air and a discharge passage (54) 
for the exhaust gas are formed in the heat 
conductive partition wall (22), in the reforming 30 
plate (14), in the distance plate (30) and in the 
dispersion plate (34) of the auxiliary unit (II). 
and that a supply passage (52) is formed in 
the combustion plate (18), in the heat conduc- 
tive partition wall (22), in the reforming plate 35 
(14), and in the dispersion plate (34) of the 
auxiliary unit (II), so as to allow the fuel gas to 
flow into the scooped space (28) of the dis- 
tance plate (30). 

40 

10. The reformer of claim 6, characterized in that 
a porous plate (60) is provided on the combus- 
tor (20) side of the dispersion plate (34) in the 
auxiliary unit (II). 

45 

Revendications 

1. Reformeur comprenant un reacteur (16) de re- 
formage dans lequel une matiere gazeuse bru- 
te subit une reaction de reformage en presen- 50 
ce d'un catalyseur et un gaz combustible est 
brGle* afin que la temperature de la reaction de 
reformage puisse §tre maintenue a un niveau 
approprie\ et que le gaz brOle puisse chauffer 
indirectement la matiere gazeuse brute dans ie 55 
reacteur (16) de reformage ; caracterise* en ce 
que ledit reformeur comporte : plusieurs unites 
principles (I), chaque unite principale (I) com- 



prenant un element de combustion (20) rempli 
d'un catalyseur (26) de combustion et un reac- 
teur (16) de reformage rempli d'un catalyseur 
(24) de reformage, une cloison (22) conductri- 
ce de la chaleur etant prise en sandwich entre 
I'element (20) de combustion et le reacteur 
(16) de reformage ; une unite auxiliaire (II) 
comprenant une plaque d'ecartement (30) qui 
presente une chambre libre (28) a combustible 
; et deux plaques poreuses (34) prenant en 
sandwich la plaque d'dcartement (30), les pla- 
ques poreuses (34) servant de plaques de 
distribution de combustible pour introduire uni- 
formement le combustible dans chaque ele- 
ment (20) de combustion de chaque unite prin- 
cipale (I), de maniere que les reacteurs (16) de 
reformage des unites principals (I) soient 
chauffes de fagon egale. les elements de com- 
bustion (20) des unites principals (I) se faisant 
face mutuellement afin de prendre en sand- 
wich I'unite auxiliaire (II) entre les unites princi- 
pals (I) ; un passage d'air (44, 50) pour ame- 
rcer de I'air audit element (20) de combustion \ 
un passage d'echappement (48, 54) destine a 
decharger le gaz brOle dans ledit element (20) 
de combustion ; un passage (36, 40) de gaz 
combustible pour amener du gaz combustible 
pour le reformage au reacteur (16) de reforma- 
ge ; un passage (42, 38) de decharge de gaz 
destine a decharger le gaz qui est reforme ;^ et 
un passage (46, 52) de combustible destine a 
amener le combustible a ladite chambre (28) a 
combustible, tous les passages (36, 38. 40. 42, 
44, 46, 48, 50, 52, 54) §tant formes a I'inteYieur 
des unites principles et auxiliaire (I, II). 

2. Reformeur selon la revendication 1 , caracterise 
en ce que les unites principales (I) sont pla- 
cees sur les deux cotes de I'unite auxiliaire (11) 
de maniere que I'element (20) de combustion 
de chaque unite principale (I) soit face a I'unite 
auxiliaire (II). et deux elements de maintien 
(10. 12) sont pr§vus sur les cot§s a d^couvert 
des unites principales (I), afin que toutes les 
unites (I, II, I) entre les elements de maintien 
(10, 12) soient empilees ensemble en un seul 
bloc. 

a Reformeur selon la revendication 1 ou 2, ca- 
racteVise* en ce que I'unite* principale (I) com- 
prend une plaque (14) de reformage dans la- 
quelle est forme* le reacteur (16) de reformage, 
une plaque (18) de combustion dans laquelle 
est forme I'element de combustion ou une 
chambre de combustion (20), et une plaque de 
cloisonnement (22) conductrice de la chaleur 
qui est prise en sandwich entre la plaque (14) 
de reformage et la plaque (18) de combustion. 
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Reformeur selon la revendication 3, caracterise 
en ce que le reacteur (16) de reformage com- 
prend la plaque (14) de reformage qui est 
evidSe en son centre. I'espace evide* (16a) 
etant rempli du catalyseur (24) de reformage. 5 

Reformeur selon la revendication 3 ou 4, ca- 
racterise en ce que I'element (20) de combus- 
tion comprend la plaque (18) de combustion 
dont la partie centrale est evidee, i'espace io 
evide (20a) etant rempli du catalyseur (26) de 
combustion. 

Reformeur selon I'une quelconque des reven- 
dications precedentes, caracterise en ce que is 
I'unite* auxiliaire (II) comprend une plaque 
d'ecartement (30) qui presente un espace ex- 
cave (28) qui sert de chambre (28) d'alimenta- 
tion en combustible, et deux plaques de dis- 
persion (34, 34) disposees sur les deux cotes 20 
de la plaque d'ecartement, plusieurs pores 
dtant formes dans la plaque de dispersion (34) 
aftn qu'un combustible soit amene a travers 
elle de la chambre (28) de combustible a 
('element de combustion de I'unite principale 25 
adjacente (I). 

r. Reformeur selon la revendication 6, caracterise 
en ce que I'unite principale (I) est empilee 
d'une maniere telle que I'element (20) de com- 30 
bustion de I'unite principale (I) puisse etre pla- 
ce a proximite immediate de la plaque (34) de 
dispersion, et en ce qu'un element (10, 12) de 
maintien est monte sur le cote reacteur de 
reformage (16) de I'unite principale (I) afin que 35 
toutes les unites (I, II. I) puissent etre empires 
en un element unique. 

8. Reformeur selon ta revendication 7, caracterise 

en ce que I'entree (36) de matiere gazeuse 40 
brute et la sortie (38) de gaz reforme sont 
formees dans un element de maintien (10), et 
en ce que les passages (40, 42) d'amenee et 
de decharge pour la matiere gazeuse brute a 
reformer et pour le gaz reforme* sont formes 45 
dans la paroi de cloisonnement (22) conductri- 
ce de la chaleur, dans la plaque (18) de com- 
bustion, dans la plaque (30) d'ecartement et 
dans la plaque (34) de dispersion de I'unite* 
auxiliaire (II). 5( 

9. Reformeur selon la revendication 7, caracterise* 
en ce que les ouvertures (44, 46) d'entree pour 
I'air comburant et le gaz combustible, et I'ou- 
verture (48) de sortie pour les gaz brOles sont 55 
formees dans I'autre eMSment (12) de maintien, 
en ce qu'un passage (50) d'amenSe pour I'air 
comburant et un passage (54) de discharge 



pour le gaz d'evacuation sont formes dans la 
paroi (22) de cloisonnement conductrice de la 
chaleur, dans la plaque (14) de reformage, 
dans la plaque (30) d'ecartement et dans la 
plaque (34) de dispersion de I'unite auxiliaire 
(II), et en ce qu'un passage (52) d'amenee est 
forme dans la plaque (18) de combustion, dans 
la paroi (22) de cloisonnement conductrice de 
la chaleur, dans la plaque (14) de reformage et 
dans la plaque (34) de dispersion de I'unite 
auxiliaire (II). afin de permettre au gaz combus- 
tible de s'ecouler jusque dans I'espace excave 
(28) de la plaque d'ecartement (30). 

10. Reformeur selon la revendication 6, caracterise 
en ce qu'une plaque poreuse (60) est prevue 
sur le cote element de combustion (20) de la 
plaque (34) de dispersion dans I'unite* auxiliaire 
(II). 

Patentanspriiche 

1. Reformer mit einem Reformierreaktor (16), in 
dem ein Vormatertalgas eine Reformierreaktion 
in Anwesenheit eines Katalysators erfahrt und 
Brennstoffgas verbrannt wird, so datf die Refor- 
mierreaktion stem peratur auf einem geeignetem 
Pegel gehalten werden und das verbrannte 
Gas das Vormaterialgas in dem Reformierreak- 
tor (16) indirekt aufheizen kann, dadurch ge- 
kennzeichnet, da/3 der Reformer umfam: eine 
Anzahl Haupteinheiten (I), von denen jede ei- 
nen Brennraum (20) gefullt mit Verbrennungs- 
kataiysator (26) und einen Reformierreaktor 
(16) gefullt mit Reformierkatalysator (24) ent- 
halt, wobei eine warmeleitfahige Teilungswand 
(22) zwischen dem Brennraum (20) und dem 
Reformierreaktor (16) angeordnet ist; eine 
Hilfseinheit (II) mit einer Distanzplatte (30) mit 
einer leeren Brennstoffkammer (28); und zwei 
porose Platten (34), zwischen denen die Dist- 
anzplatte (30) liegt und die als Brennstoffvertei- 
lungsplatten zum gleichmaJ3igen ZufOhren des 
Brennstoffs in jeden Brennraum (20) einer je- 
den Haupteinheit (I) dienen, wodurch die Re- 
formierreaktoren (16) der Haupteinheiten (I) 
gleichartig erwarmt werden und die Brennrau- 
me (20) der Haupteinheiten (I) einander gegen- 
uber stehen, so dafl die Hilfseinheit (II) zwi- 
schen den Haupteinheiten (I) liegt; einen Luft- 
kanal (44, 50) zum ZufOhren von Lutt zu dem 
Brennraum (20); einen Abgaskanal (48, 54) 
zum Abfuhren des in dem Brennraum (20) 
verbrannten Gases; einen Brennstoffgaskanal 
(36, 40) zum ZufOhren von Brennstoffgas fOr 
das Reformieren in den Reformierreaktor (16); 
einen Gasabfuhrungskanal (42, 38) zum AbfOh- 
ren des reformierten Gases; und einen Brenn- 
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stoffkanal (46, 52) zum Zufuhren des Brenn- 
stoffs in die Brennstoffkammer (28). wobei alle 
Kanale (36, 38, 40, 42, 44, 46, 48, 50, 52, 54) 
in den Haupt- und Hilfseinheiten (I, II) ausgebil- 
det sind. 

Reformer nach Anspruch 1. dadurch gekenn- 
zeichnet, daB die Haupteinheiten (I) auf den 
beiden Seiten der Hilfseinheit (II) so angeord- 
net sind. daB der Brennraum (20) jeder Haupt- 
einheit (I) der Hilfseinheit (II) zugewandt ist, 
und da6 zwei Halter (10, 12) an den freiliegen- 
den Seiten der Haupteinheiten (I) vorgesehen 
sind, so daB alle Einheiten (I, II, I) zwischen 
den Haltern (10, 12) als eine einzige Einheit 
zusammengefaBt sind. 

Reformer nach Anspruch 1 oder 2. dadurch 
gekennzeichnet, daB die Haupteinheit (I) eine 
Reformierplatte (14), in der der Reformierreak- 
tor (16) ausgebildet ist, eine Verbrennungsplat- 
te (18), in der der Brennraum oder eine Brenn- 
kammer (20) ausgebildet ist, und eine warme- 
leitfahige Teilungsplatte (22) zwischen der Re- 
formierplatte (14) und der Verbrennungsplatte 
(18) enthalt. 

I. Reformer nach Anspruch 3. dadurch gekenn- 
zeichnet, daB der Reformierreaktor (16) die 
Reformierplatte (14) enthalt, die in ihrer Mitte 
ausgehohlt ist, wobei der ausgehohlte Raum 
(16a) mit dem Reformierkatalysator (24) gefullt 
ist. 

5. Reformer nach Anspruch 3 oder 4. dadurch 
gekennzeichnet, daB der Brennraum (20) die 
Verbrennungsplatte (18) enthalt. deren mittle- 
rer Teil ausgehohlt ist, wobei der ausgehohlte 
Raum (22a) mit dem Verbrennungskatalysator 
(26) gefullt ist. 

6. Reformer nach einem der vorhergehenden An- 
sprGche, dadurch gekennzeichnet, daB die 
Hilfseinheit (II) eine Distanzplatte (30) enthalt, 
die einen ausgenommenen Raum (28) hat, der 
als Kraftstoffvorratskammer (28) dient. und daB 
zwei Dispersionsplatten (34, 34) auf den bei- 
den Seiten der Distanzplatte angeordnet sind, 
wobei eine Vielzahl von Poren in der Disper- 
sionsplatte (34) vorgesehen ist, so daB Kratt- 
stoff durch sie hindurch von der Kraftstoffkam- 
mer (28) zu dem Brennraum der benachbarten 
Haupteinheit (I) geliefert wird. 

7. Reformer nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die Haupteinheit (I) derart gesta- 
pelt ist, dafl ihr Brennraum (20) nahe der Dis- 
persionsplatte (34) angeordnet ist, und daB ein 
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Halter (10, 12) auf der dem Reformierreaktor 
(16) zugewandten Seite der Haupteinheit (I) 
befestigt ist. so daB alle Einheiten (I, H, I) als 
eine einzige Einheit zusammengefaBt sind. 

, Reformer nach Anspruch 7, dadurch gekenn- 
zeichnet, daB der Eintritt (36) fur das Vorma- 
teriatgas und der Austritt (38) fur das reformier- 
te Gas in einem Halter (10) ausgebildet sind, 
und daB Zufuhr- und AbfUhrkanale (40, 42) fur 
das zu reformierende Vormaterialgas und fur 
das reformierte Gas in der warmeleitfahigen 
Teilungswand (22), in der Verbrennungsplatte 
(18), in der Distanzplatte (30) und in der Dis- 
persionsplatte (34) der Hilfseinheit (II) ausgebil- 
det sind. 

9. Reformer nach Anspruch 7, dadurch gekenn- 
zeichnet, daB die Eintrittsoffnungen (44, 46) 
fur die Verbrennungsluft und das Brennstoffgas 
und die Austrittsoffnung (48) fur das verbrann- 
te Gas in dem anderen Halter (12) ausgebildet 
sind, daB ein Zufuhrungskanal (50) fur Ver- 
brennungsluft und ein Abfuhrungskanal (54) fur 
das Abgas in der warmeleitfahigen Teilungs- 
wand (22), in der Reformierplatte (14), in der 
Distanzplatte (30) und in der Dispersionsplatte 
(34) der Hilfseinheit (II) ausgebildet sind, und 
daB ein Zufuhrungskanal (52) in der Verbren- 
nungsplatte (18), in der warmeleitfahigen Tei- 
lungswand (22), in der Reformierplatte (14) und 
in der Dispersionsplatte (34) der Hilfseinheit (II) 
ausgebildet ist, so daB das Kraftstoffgas in den 
ausgenommenen Raum (28) des Distanzplatte 
(30) einstromen kann. 

10. Reformer nach Anspruch 6. dadurch gekenn- 
zeichnet, daB eine porose Platte (60) an der 
dem Brennraum (20) zugewandten Seite der 
Dispersionsplatte (34) in der Hilfseinheit (II) 
vorgesehen ist. 



45 



50 



55 



7 



EP 0 308 976 B1 



CH4+H2O H2 ' C ° 2 




8 



EP 0 308 976 B1 



FIG. 2 



36 10 16 16a 20 20a 38 




12 16 16a 20 20a 



FIG. 3 

1500, 




9 



EP 0 308 976 B1 



FIG. 4 



1500 



w 

D 1000 



< 
en 

UJ 

Q. 



500 




REFORMING 

REACTOR 

ENTRANCE 



EXIT 



FIG. 5 



20 22 20a 




20 22 20a 



10 



